We present results of a study that combines U BV I photometry, MK spectral classification and proper motions in the area of the, up to now unknown, open cluster Ruprecht 58 at the Puppis region. Star counts from the 2MASS data catalog together with the analysis of CCD U BV I photometry demonstrate that it is a real open cluster with 9 size approximately. The cluster is placed at a distance of 3.9 kpc and is about 250 Myr old with mean reddening E (B−V ) = 0.33 mag. Proper motions confirm Ruprecht 58 is a real cluster with mean absolute proper motions µ α cosδ = −2.77±0.45 mas/yr and µ δ = 4.54±0.45 mas/yr in the magnitude range 13.5 < V < 14.5 and µ α cosδ = −2.70 ± 0.32 mas/yr and µ δ = 3.19 ± 0.32 mas/yr in the range 14.5 < V < 16.0. The computation of the cluster mass spectrum slope yielded x = 1.8 in the mass range from ≈ 1.4 to ≈ 4m .
Introduction
The detection of the Canis Major (CMa) over-density by Martin (Becker & Fenkart 1970 , Feinstein 1994 as they are near the spiral arm in which they formed. Surprisingly, the shape and extent of the Perseus and Cygnus-Norma arms in the Third Quadrant are far from being clear and settled. Russeil (2003) using star forming complexes finds that both the Perseus and Norma-Cygnus arms are not visible at all in the Third Quadrant, confirming previous results by May et al. (1997) . Nevertheless, they could confirm previous suggestions about the shape and location of the Galactic warp and show how bridges of material are present in a few anti-center directions. To date, no study has probed the spiral structure of the Third Galactic Quadrant using young star clusters which are vital to better trace the spiral pattern in largely overlooked region of the Galaxy. Additionally, open clusters are not only the main source of stellar enrichment in our galaxy but also the kind of objects through which the theories of star formation and evolution can be adequately addressed; they offer a chance to know the probable spatial variations in the star formation rates (Scalo 1986 ) and give information regarding the history and evolution of the galactic disk • ) but for which we found no information in any existing data bases. Lindoff (1968) reports BV photographic photometry down to V = 15.2 mag which could not be compared to ours because of no stellar identification in his work. Anyway, Lindoff's conclusion is that no open cluster exists down to his limiting magnitude.
In Sect. 2 we describe the observation routines and the reduction processes. The analysis of the photometric and of spectroscopic data, the reddening discussion, membership, distance and age can be found in Sect. 3. The proper motion analysis is presented in Sect. 4. The cluster mass spectrum is determined in Sect. 5 and the conclusions are given in Sect. 6.
Observations

Photometry
CCD observations in the U BV I system were carried out in the field of Ruprecht 58 on the nights of December 24 and 25, 2003 , at the Complejo Astronómico El Leoncito, CASLEO, Argentina, using the 2.15-m telescope equipped with a CCD ROPER 1300B, 1340 × 1300 and 0.226 /pix scale, covering 4.2 on a side. Exposure times were of 300 seconds in U ; 300, 50 and 5 seconds in B; 300, 30 and 3 seconds in V , and 120, 60 and 3 seconds in I under seeing values ranging from 1.3 to 2.1 . and tied to the standard U BV I system with several standard stars of Landolt (1992) list and secondary standards in the cluster NGC 2571 previously calibrated with Landolt standards as well. A description of the reduction procedure can be found in Giorgi et al. (2002) . Mean extinction coefficients at CASLEO, 0.49 in U , 0.27 in B, 0.12 in V and 0.03 in I, were applied; the transformation equations to the standard system were of the form:
where u 2 , b 2 , v 2 and i 2 are the extinction coefficients for the U BV I bands respectively, X the air masses of each exposure and u 1 3 , and i 3 the fitting constants values.
The area covered in the current survey is shown in Fig. 1 where each square superposed onto the Digitized Sky Survey plate, DSS, represents the CCD frame. Table 1 lists the typical DAOPHOT errors found at different V magnitude ranges. Table 1 Daophot errors as function of the V magnitude V range Table 2 is given below.
Spectroscopy
Spectral data for 13 of the brightest cluster stars were collected at the 2.15-m telescope of CASLEO (Argentina) during two observing runs in March 11-14 and April 1-4, 2004. The spectra were obtained with the REOSC-DS Cassegrain spectrograph and a Tek 1024×1024 detector using a 600 l/mm grating in the first order. The spectra have a wavelength range of 3900-5500Å(the traditional spectral region for classification from CaII K line to Hβ, allowing a precise MK type), 2.5Å/pixel dispersion (≈ 1800 resolution) and were reduced using standard procedures with IRAF. For the clasification purposes we used MK standard stars taken with the same configuration at CASLEO and Last column gives the star probability according our proper motions analysis. Some stars were labeled PME (probable member by extension) and NME (non-member by extension) from an extrapolation procedure using the parameters derived in Sect. Table 3 Spectra and the respective spectral classification are shown in Fig. 2 . It is worth mentioning that for a number of stars we found discrepancies in the intensities of the K CaII lines and the spectral types assigned according to the H lines in the sense that K CaII lines show intensities corresponding to spectral earlier than according to the H lines. These stars compose the 38% (two of them are giants; other three of the main sequence) of the total stars with spectral types and we assume them peculiar stars; the others constitute the 61% and are are of giant types. The results and description of peculiarities are given in column 9 of Table 3 . We are confident that our classification is not wrong for more than one sub-type and that the luminosity class is precise.
Data Analysis
Cluster size
The reliability of Ruprecht 58 and its spatial extension were analyzed using 2MASS data of all stars included inside a 30 × 30 box centered in the cluster published coordinates. The technique is based in star counts that were performed in a series of successive rings 1 width from the cluster center [as done in Baume et al. (2004) , Carraro et al. (2005a) ]. Counts in each ring were divided by the ring area to construct the density profile. During this process we noticed some sort of count fluctuations that we assume are due to the presence of patches of dust across the cluster surface. So, several attempts had to • 56 29 . That sets a new cluster center slightly shifted from the original one given in WEBDA. The density profile in Fig. 3 reveals an evident stellar over-density that extends up to r = 4.5 ± 1 where it merges with the stellar density of background. This value is adopted here as the cluster radius. Comparing to the area covered by our photometric survey shown in Fig. 1 we are confident that we have surveyed ≈ 75 % of the whole cluster. This way we excluded evolved late-type and/or main sequence field stars of foreground without eliminating probable binaries. This method works reasonably well for main sequence stars brighter than V ≈ 17 but it becomes uncertain longwards that magnitude where the contamination by field interlopers may be of some relevance. Despite this, they will cause no alteration of the cluster parameters when computed with stars down to V ≈ 17. Some bright yellow/red stars at the top of the CMDs are not easy to reject out as they could be late evolved cluster members. To clarify this point we need first to derive the cluster distance and then to apply the spectroscopic parallax method using the spectral classification we have already done. Table 3 Spectral types of stars in the area of Ruprecht 58
Cluster members, reddening, distance and age of Ruprecht 58
Comments to S.T. 96 which locates the cluster at 3.9 kpc from the Sun. If we assume a 0.2 error of the fitting (from eye-inspection) and it is added quadratically to the uncertainties in color excess and visual absorption, the distance to the cluster may be wrong by no more than ±400 pc.
We can now apply the spectroscopic parallax method using the intrinsic colorspectral type correspondence as given in Schmidt-Kaler (1982) to secure the membership of the bright red/yellow stars mentioned above. Some of these stars show a few hundredths of negative E B−V (indicated with brackets in Table 3 ) which are explained by spectral sub-type uncertainties and the few amount of reddening undergone by them. Values given in column 8, Table  3 , show that these stars are not cluster members. This is, the spectroscopic classification shows that bright yellow/red stars are foreground to the cluster. A question arises about stars No. 20 (A1IV) and 21 (G8III) that are the farthest stars (d > 2.6 kpc) and could still be members of the cluster in case of a probable variation of the stellar sub-type. We find this hard to happen as for the giant G8III and the A1IV stars, the absolute magnitudes would vary no more than 0.2-0.3 respectively. These variations are not important enough to get these stars close to the cluster. Column 12, Table 2 , remarks the photometric membership that are adopted in this article.
As for the cluster age, we measured in Fig. 7 2000); some spread at the upper main sequence stars makes it difficult to assign a unique age to this cluster. Therefore the cluster age ranges from 250 to 300 Myr. It is to be noticed from Fig. 7 that the number of binaries among cluster members could be high producing thus an artificial age spread and making this cluster younger than it is.
Confirming the nature of Ruprecht 58
Another way to confirm the cluster reliability comes from UCAC2 ( we are using can be found in de Elia (2004). In short, we determine cluster memberships using a variation of the Vasilevskis et al. (1958) method who proposed a mathematical model where an elliptical bivariate normal frequency distributions and another circular one, for field and cluster stars respectively, describe the problem entirely. Since the parameters of the distributions are function of star magnitudes and the angular size of the selected field, the membership probabilities may be overestimated for stars far from the cluster center and underestimated for stars near it while underestimated for bright stars and overestimated for the faint ones. Jones & Walker (1988) improved the method using an exponential function to describe the areal star density for the cluster stars according to Van den Bergh & Sher (1960) . As shown below, the method requires that nine unknown parameters be simultaneously fitted using the method of maximum likelihood (Sanders 1971 ). Both distributions are described by:
for cluster stars and
for field stars; where µ x 0 , µ y 0 denote the centroid of the field stars; µ x c , µ y c the centroid of the cluster stars; σ x , σ y eliptical dispersions; σ circular dispersion; µ x i , µ y i ,r i , V i are the proper motions, the distance from the cluster center and the magnitude of the i-th star. Besides,
, with ρ c (V i , r i ) to describe the areal cluster star density as a function of V i and r i ; ρ 0 (V i ) is the central surface density, r 0 (V i ) the characteristic radius; the areal density for the field stars is described by ρ f (V i ) = f 0 (V i ) where f 0 (V i ) only depends on magnitudes. N c , the number of cluster members, is obtained from
. The dynamical membership probabilities for i-th star can be calculated as follow:
The star sample was subdivided into four groups of V , V 1 < 13.5, 13.5 < V 2 < 14.5, 14.5 < V 3 < 16.0 and V 4 > 16.0. The criterion to group stars this way is that each sub-sample must be enough populated for a better statistical analysis. Finally, we stated that stars with P i > 0.40 are probable dynamical members. The result of the method applied to groups V 2 and V 3 is given in Table 4 ; the last column of Table 2 gives the computed probabilities for each of the 126 stars. It is worth mentioning that the characteristic radius r 0 (V i ), increases with the magnitude; therefore, bright cluster members are much more concentrated than the faint ones. The proper motion dispersion also increases for faint magnitudes, but not so clearly as r 0 does.
For group V 1 , as seen in Table 2 , the cluster has no dynamical members brighter than V = 13.5. This result is entirely consistent with the spectrophotometric result that shows no member above V = 13.5. The situation is, on the other hand, completely uncertain for V 4 star group [V > 16.0]. A reading of Table 2 gives: twenty one stars are simultaneously dynamical and photometric members; eighteen stars are photometric members but not astrometric members; fifty eight stars are neither photometric nor astrometric members and twenty five stars that are dynamical members were found non-members from the photometric analysis. Table 4 shows that at 1σ the field and cluster distributions do not differ substantially. However, it is worth mentioning that the study of proper motions and photometry/spectroscopy show a definite coincidence for the brightest stars which have been found not to be cluster members. Certainly, errors in the proper motion measures and the huge un-completeness of the sample make the dynamical membership estimate rather unstable below V = 13.5...14. Notwithstanding, star counts and the proper motion study give both a similar -increasing towards faint magnitudes-cluster size. That is why, in the next section, the cluster mass spectrum will be determined only with photometric members.
The cluster mass spectrum
We shall build now the cluster mass spectrum, defined as the number of stars found per mass interval. In particular, for all the stars below the cluster TO, the mass spectrum reflects the initial mass function, IMF, if we assume all the star formed at a same time. In the present case bright (most massive) members are easy to identify; but it is not a simple task to find all the faint (less massive) members as they are mixed with field interlopers. However, field interloper effect has been minimized in the best possible way so that we assume the apparent luminosity function, LF, of the cluster [constructed with only photometric members] is trustable down to V ≈ 17 and can be converted into the cluster mass spectrum. Table 5 Luminosity function and mass spectrum of Ruprecht 58 The apparent LF was converted into the true LF using the cluster distance modulus and the visual absorption given above to obtain individual M V s. The final step was to apply the mass-luminosity relation from Scalo (1986) to each luminosity bin in the true LF (see Table 5 ) to derive the stellar mass distribution shown by the mass points in Fig. 9 . This is a probed and straightforward method to transform the LF into the mass spectrum for all stars below the cluster TO when the range of star formation time is less than the cluster age (Phelp & Janes 1993 , 1994 . Since the mass spectrum is defined by the number of stars counted in the mass range m ±∆m/2, the slope x of the mass distribution can be computed by:
assuming the mass spectrum is represented by a power law. To derive the slope of the mass spectrum we applied a statistical-weighted least squares fit to all the mass points in Fig. 9 (covering the magnitude range 13.5 < V < 17.25 ) except for the last four bins that surely are affected by incompleteness. Notice that this apparent magnitude range is the one of maximum certainty on memberships from a photometric and spectroscopic point of view. The fitting yielded a slope x = 1.8 ± 0.2, a value higher than the standard one determined by Salpeter (1955) but of the same order of the typical values found by Tarrab (1982) for clusters of about 300 Myr. Using "only" stars located in the cluster main sequence the mass spectrum slope is free from evolutionary effects. No matter the presence of interlopers, the construction of the mass spectrum of any cluster may undergo other type of strong uncertainties such as the presence of accretion disks (probable of no importance in clusters this age), differential reddening and unresolved multiple systems that spoil the results; but no doubt, the net effect due to unresolved binaries (Scalo 1986 ) is the most difficult to assess: if the mass spectrum of the secondary stellar components is similar to that of primary stars then their influence on the computed slope is negligible (Vanbeveren 1982 ); however, detailed analysis made by Sagar & Richtler (1991) demonstrate that undetected binaries can rise the slope of a mass function by 0.25 for a binary percentage of 50%. In the present case, allowing for fitting errors, the slope we found is close to the upper limit of the x range, −1.7 ± 0.5 to −1.3 ± 0.5, valid for the mass range from 1 -10 m as described by Scalo (1998).
Concluding remarks
For the first time a CCD U BV I photometric survey plus spectral classification have been done in the area of Ruprecht 58 to reveal its fundamental parameters. Our results find additional support in a proper motion analysis performed with data taken from UCAC2.
The cluster angular size from star count is close to 9 corresponding to a linear size of 10 pc approximately. The mean cluster reddening values are E (B−V ) = 0.33 and E (U −B) = 0.29 . The absorption law towards it is normal with a mean visual absorption of A V = 1.02 . The cluster is then located at a distance of 3.9 kpc and its age ranges from 250 to 300 Myr according to Girardi et al. (2000) isochrone curves. It is placed in a galactic zone containing about 60 more clusters with distances between 1 and 5 kpc, with a peak from 1 to 3 kpc. There are also several Hii regions detected in the optical and radio, and The slope of the cluster mass spectrum is x = 1.8, steeper than the typical mass spectrum of field stars (Salpeter 1955 ) but comparable and even flatter than the average of mass spectrum slopes found by Tarrab (1982) for cluster with ages ranging from 300 to 600 Myr and reasonably close to the slope values proposed by Scalo (1998) for the mass range 1 to 10 m .
